Anthranilic and o-nitrobenzoic acids act as mutual inhibitors of both growth and substrate oxidation for Nocardia opaca and a flavobacterium which can utilize either substance as sole source of carbon, nitrogen and energy, Growth of the former bacterium on anthranilate induced, apparently simultaneously, both the transport system for anthranilate uptake and the enzymic mechanism necessary for its complete oxidation to CO, and NH3. Among the enzymes induced by anthranilate was the complete sequence that oxidizes catechol to /3-oxoadipate; this was absent from organisms grown in fumarate or glucose media. The properties of the first enzyme in this sequence, a catechol-l,2-oxygenase, differ in several features from those of the same enzyme induced in this bacterium by growth on o-nitrobenzoic acid.
INTRODUCTION
Anthranilic (o-aminobenzoic) acid is an important intermediary metabolite in both biosynthetic and catabolic pathways in micro-organisms. It serves for instance as a precursor for tryptophan in Aerobacter aerogews and Escherichia coli (Doy & Gibson, 1961) , in Nmrospora CT~SSQ (Yanofsky, 1956; Yanofsky & Rachmeler, 1958) and in saccharomyces mutants (Lingens, Hildinger & Hellman, 1958) . Hydroxylation of anthranilic acid, in the 3-position, has been observed with rat liver preparations (Wiss & Hellman, 1953) but no hydroxylation of anthranilic acid has been conclusively demonstrated in micro-organisms. The finding, by sequential induction methods, that 5-hydroxyanthranilic acid may be a product of anthranilic acid metabolism by an achromobacter (Ladd, 1962) remains the only indication at present that bacteria might hydroxylate the ring of this substrate during metabolism. Anthranilic acid has also been known for some time as an intermediate in the aerobic dissimilation of L-tryptophan by micro-organisms, especially pseudomonas species which use the 'aromatic pathway' (Suda, Hayaishi & Oda, 1950 ; Knox, 1959) ; it occupies a similar position in degradation of the D-isomer (Behrman 1962; Martin & Durham, 1962) . Reduction of o-nitrobenzoic acid by a flavobacterium (Cain, 1966) and Nocardia opaca (Cain, 1958; Cartwright & Cain, 1959b) yields anthranilic acid, but the amino compound is not an obligatory intermediate on the direct energy-yielding pathway of degradation of o-nitrobenzoic
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metrically and when complete the flask contents and washings were filtered through a tared ' Millipore ' filter. The organisms on the filter disc were washed several times to remove dissolved materials derived from the medium; the disc with its organisms was then dried on an aluminium planchet to constant weight in an oven at 105" and the dry-wt. of the organisms determined. In earlier experiments, 20 ml. samples from each flask were centrifuged, the packed organisms washed twice and recentrifuged, made up to the original volume in water and then a 10 ml. sample dried to constant weight. Mafiometry. Respirometric studies were done by the usual manometric methods (Umbreit, Burris & Stauffer, 1957) at 30" with air as gas phase. Duplicate manometer flasks contained (unless otherwise recorded) : phosphate buffer (pH 7.2), 150 pmoles ; substrate, 0.5-10 pmoles ; inhibitors, where required, 0-50 pmoles ; cell suspension, 0-5 ml.; 20 % KOH in the centre well, 0.2 ml.; total volume made to 3.0 ml. with distilled water. Oxygen uptakes were determined at intervals for 60 min., or longer when required; rates of uptake were calculated over the initial linear part of the curves.
Uptake of radioactive anthranilic acid. Anthranilic acid-(carboxyl-14C) was the gift of Dr L. M. Henderson; on assay it was found to have an activity of 102,250
c.p.m./mg. The very small quantity available was mixed with unlabelled carrier anthranilic acid to give a final specific activity of 10,600 c.p.m./pmole. The incubation mixture for uptake experiments contained : phosphate buffer (pH 7*0), 500 pmoles; anthranilic acid, 200 pmoles; thick cell suspension, 10 ml.; distilled water to a final volume of 20 ml, In one experiment 200 pmoles o-nitrobenzoic acid were also added to the incubation mixture. Incubation was a t 30' in a Dubnoff metabolic shaker bath under aerobic conditions. 1 ml. samples (equiv. about 3-4 mg. dry-wt. organisms in different experiments) from the incubation mixtures were taken at frequent intervals and the organisms rapidly collected by filtration on a small Millipore filter disc (1 cm. diam.) where they were washed with 2 x 2 ml. volumes of distilled water. The disc was then transferred to an aluminium planchet where it was fixed with cement to prevent curling and dried under an ultraviolet lamp. The dried planchets were counted under an automatic Picker gas-flow counter (Picker X-ray Co., Oklahoma City) for 200 min. and corrected for the low background count. Results for organisms originally grown with anthranilic, o-nitrobenzoic or succinic acids were corrected to pmoles uptakelg. dry-wt. organism. The dry weights of organisms in 1 ml. samples of each incubation mixture were determined separately by drying samples of twice-washed organisms to constant weight at 105' on aluminium planchets. Cell-freeprepurations. Dried cell preparations were made by spreading the wet paste of organisms thinly over a Petri dish and drying in a vacuum desiccator over P,O, or granular anhydrous CaC1, for 5 days in the cold room a t 4". The dried preparation was ground to a fine powder with a pestle and mortar and stored at -20° until required, Cell-free extracts were made by ultrasonic disintegration for 15 min. at 20 kcyc./sec. with the MAE.-Mullard instrument or with a Hughes press (Hughes, 1951) without abrasive; in the latter case the frozen crush was thawed, taken up in the minimal quantity of distilled water and centrifuged at 10,OOOg for 30 min. to remove debris and larger particles. The concentration of soluble protein in the extracts was usually about 15 mg./ml. Cell-free preparations able to convert 222 R. B. CAIN catechol to a-oxoadipic acid were prepared by extracting freeze-dried organisms with 0.01 M-trk-HCl buffer in the cold for 30 min. Analytical methods. Anthranilic acid was estimated by the Bratton-Marshall procedure (Glazko, Wolf & Dill, 1949) with twice-recrystallized anthranilic acid as a standard. Nitrite was estimated by the Griess-Ilosvay diazotization method modified by the use of N,N-dimethyl-a-naphthylamine as coupling reagent (Wallace & Neave, 1927) . Ammonia was determined by nesslerization after distillation into dilute H,SO, in Conway micro-diffusion units; and protein by the biuret method of Gornall, Bardawill & David (1949 Sebald & Veron, 1963) which had been grown on p-hydroxybenzoate (Cain, 1961) . The synthetic ( f ) isomer was the gift of Professor W. C. Evans. P-Carboxymuconolactone and 8-carboxymuconic acid were prepared enzymically as described previously (Cain, 1961) . p-Oxoadipic en01 lactone was prepared from (+)-muconolactone in situ when required (but not isolated) by using extracts of the ELH-mutant of Psezcdomonus putida grown upon succinate in the presence of benzoate (Ornston & Stanier, 1964) . This mutant lacks the enzyme enol lactone hydrolase which converts a-oxoadipic enol lactone to p-oxoadipic acid. All other chemicals were commercial samples and were used without further purification.
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enzyme activity was measured a t 30' in a constant temperature cuvette holder. Under these conditions, the rate of reaction was linear for a t least 5min. and strictly proportional to enzyme concentration. Lactonizing enzyme in extracts of Nocardia opaca was measured by the decrease in absorption at 260 mp in the presence of 0.5 pmole &,cis-muconic acid; muconolactone isomerase by the decrease in the absorption a t 225 mp in the presence of 0.5 pmole (+)-muconolactone or, in some cases, 1-0 pmole of its synthetic ( f ) isomer; #?-oxoadipic en01 Iactone hydrolase by the decrease in absorption a t 225mp in the presence of 0-5 pmole ( +)-muconolactone and excess of crude extract of the benzoate-induced ELH-mutant of Pseudornonas putida sufficient to ensure that the muconolactone isomerase of this organism was not rate-limiting (Ornston & Stanier, 1964;  Dr L. N. Ornston, personal communication) . Other cuvette contents for these assays were identical with those for catechol-l,2-oxygenase.
RESULTS
Growth of Nocardia opaca Nocardia opaca subcultured from nutrient agar or succinate medium grew equally well in either o-nitrobenzoate or anthranilate media (with or without added yeast extract) after a lag of about 20 hr. There was, however, a longer lag before growth began in anthranilate medium when the inoculum organisms had been derived from a culture grown with o-nitrobenzoate, and the time lag was similarly increased when bacteria growing in o-nitrobenzoate medium were derived from an inoculum grown on anthranilate. Addition of anthranilate to cultures of N . opaca growing in o-nitrobenzoate media produced very marked differences. When anthranilate was added a t the time of inoculation or in the lag phase of growth, the onset of logarithmic growth was delayed by some 15 hr or more. When the anthranilate was added at the beginning of, or during, the log phase, there was no such delay, nor was the growth rate altered as compared with control tubes with no added anthranilate ( Fig. 1) . A similar effect was found when o-nitrobenzoate was added to cultures of N. opaca growing on anthranilate; thus, growth which in 10 mM anthranilate began at 32 hr after inoculation, was delayed for a further 10-12 hr when 5 mMnitrobenzoate was present in the lag phase, but a similar addition a t the beginning of the exponential phase did not affect growth. The extent of the delay in logarithmic growth was also related to the ratio of the concentration of substrate and inhibitor added ( Fig. 2) , although the lag effect was more pronounced at the same ratio with lower substrate concentrations. o-Nitrobenzoate and anthranilate (20 mM) both strongly inhibited growth of N. opaca on succinate, whereas a nitrobenzoate concentration some fivefold higher was required for comparable inhibition with the flavobacterium strain tested (Kirkland & Durham, 1963) .
Total growth on mixed media Although the presence of either anthranilate or o-nitrobenzoate increased the time lag in growth on the other substrate, there was no decrease in the final growth yields in the defined medium (Fig. 3) . Excellent correlation between available nutrient concentration and final growth yields were found irrespective of whether the two nutrient sources were (i) present together in the medium or (ii) whether o-nitrobenzoate and anthranilate. When these two substrates provided the sole source of carbon, nitrogen and energy, the coefficients were 20.2 & 0.2 and 23-7 f 0.2, respectively; in the presence of excess nitrogen provided as NH,CI, these coefficients
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were raised to 28.3 2 0.7 and 28-3 4 0-3, respectively. In some ten experiments the growth yields with anthranilic acid as substrate were always slightly higher than those from the nitro compound.
Inhibition of oxidation by o-nitrobenzoic acid and anthranilic acid
The inhibition by o-nitrobenzoate of the growth of Nocardia opaca utilizing anthranilate suggested that the inhibition might be a t the stage of oxidation of the substrate where the nitro compound, because of its similar chemical structure, could compete for the enzyme sites normally occupied by anthranilate. The effects of o-nitrobenzoate on anthranilate oxidation were followed manometrically. It was found that a marked inhibition of substrate oxidation occurred; the inhibitory effects were partially annulled by increasing the anthranilate concentration. A 226 R. B. C m Lineweaver & Burk (1984) plot of the results (Fig. 4) showed that the inhibition was competitive. Calculation of the enzyme constants from this plot and by the Pmubility esects Anthranilic acid uptake by Nocardia opaca. The rate of uptake of anthranilic acid-(carboxyl-W) by N . opaca was investigated with batches of organisms grown on o-nitrobenzoate, anthranilate or succinate as substrates. Organisms originally grown with anthranilate rapidly accumulated labelled anthranilic acid from the incubation mixture, but the accumulated material disappeared equally rapidly because of further metabolism (Fig. 5) . (An early step in anthranilate metabolism is conversion to catechol during which the labelled carboxyl group is lost; rapid disappearance of label was, therefore, anticipated.) Anthranilic acid was much more slowly accumulated, however, by organisms grown with o-nitrobenzoate or succinate. Simultaneous determinations of the rate of oxidation of anthranilate by these same organisms grown in o-nitrobenzoate or in succinate media gave Qo, values of 3-3 and 0, respectively, whereas that of the organisms originally grown with anthranilate was 47.0. It would seem, therefore, that growth on anthranilate was necessary to induce not only the enzyme system capable of oxidizing this substrate but also a transport system for its rapid uptake. A separate experiment in which unlabelled o-nitrobenzoate was included in the incubation mixture resulted not only in a significant decrease of the rate of anthranilic acid uptake (19.0 ,umoles/ min./g. dry-wt. organisms decreased to 6.2 ,umoles/min./g. ; 67 % inhibition) but also in increased values of total label accumulated. That is, the subsequent metabolism of anthranilate was being inhibited, a result which confirmed the inhibition by o-nitrobenzoate observed in respirometric experiments.
Experiments with Organisms with the permability barrier destroyed. Destruction of the cell membrane of Nocurdia opaca organisms by cetyltrimethylammonium bromide (CTAB) at 80 pg./ml. was virtually complete as measured by the release of u.v.-absorbing material. The permeability barrier was also destroyed in dried-cell preparations as indicated by the rapid oxidation of citrate, in contrast to the initial lag period obtained before its oxidation with intact washed organisms (Barrett, Larsen & Kallio, 1958;  Clarke & Meadow, 1959) . Nocurdia opaca grown either on o-nitrobenzoate or succinate and then dried or treated with CTAB did not oxidize anthranilate whereas organisms grown with anthranilate and similarly treated, very rapidly oxidized this substrate.
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Effect of an energy source orz anthranilate oxidation by unadapted organisms Clarke & Meadow (1959) reasoned that as the induction of new enzyme (protein) synthesis requires energy the addition of small amounts of oxidizable substrates to which organisms were already permeable, should accelerate the induction process and thus decrease the time lag before the inducer was oxidized. In their investigations, induction of a permease was accelerated, but a similar effect would be anticipated for the synthesis of an intracellular enzyme. Tn the present work Nocardia opaca grown upon o-nitrobenzoate €or 24 hr did not oxidize anthranilate for some Uptake of labelled anthranilic acid was followed in organisms originally grown upon 0 , anthranilic acid; 0 , o-nitrobenzoic acid; A, succinic acid; (solid lines). Uptake of anthranilic acid was also followed in organisms originally grown on anthranilic acid, but the incubation medium contained an equimolar concentration of (unlabelled) o-nitrobenzoic acid, v (dotted line). Fig. 6 . The effect of an energy source (fumarate) upon anthranilic acid oxidation by Nocurdiu opaca grown on o-nitrobenzoic acid. 0, a n t h r d c acid+fumaric acid; 0 , anthranilic acid alone ; A, fumaric acid alone ; ------, s u m o f O a n d A ; A,anthranilic acid+ fumaric acid+ chloramphenicol; 0 , no substrate and no substrate + chloramphenicol. Duplicate flasks contained: anthranilic acid, 5 pmoles; fumaric acid (where required), 0.5 pmole; chloramphenicol (where required) to 60 pg./ml. Other flask contents as described in Methods.
20-60 min., and then only slowly, but did oxidize fumarate from zero time. In the presence of 0.5 pmole fumarate, however, anthranilate was rapidly oxidized without a perceptible lag at a rate considerably in excess of the sum of the two components separately (Fig. 6) . This adaptation was completely inhibited by chloramphenicol 60 ,ug./ml, as would be expected of a reaction involving protein synthesis. When a small amount of o-nitrobenzoate (0.5 pmole) was substituted for the fumarate as an energy source in this experiment an identical result was obtained. After incubation for 24 hr o-nitrobenzoate-grown organisms occasionally show low amounts of the anthranilate oxidation system (Cain, 1966) . The usual sigmoid-shaped curve characteristic of new enzyme synthesis was, in such experiments, barely perceptible.
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Im?mn.ediary metabolism Anthradic acid production from o-nitrobenzoic acid. Determinations were made of the yields of the major N-containing end-products which appeared in the defined medium during growth of Nocardia opaca and the flavobacterium when o-nitrobenzoic acid was the sole source of carbon, nitrogen and energy. The characteristic feature during the growth of both organisms was an accumulation of anthranilate during the log phase of growth, followed by an equally rapid decrease in concentration of anthranilate as the culture entered the stationary phase; with the flavobacterium this decrease was always precipitous, some 80 yo or more of the accumulated anthranilate disappearing within 2-3 hr (Fig. 7) . The arylamine was identified as anthranilic acid by isolation, chromatography and chemical characterization as described by Cartwright & Cain (1959 b) . The concentration of anthranilate accumulated by both organisms was 12-14 pg./ml. ; occasionally values as high as 35 pg./ml. were recorded with the flavobacterium. The decrease in anthranilate concentration with both bacteria was always correlated with the appearance of an anthranilate oxidation system (Cain, 1966) .
The other important nitrogenous product was ammonia, the production of which in cultures of Nocurdia opacu and the flavobacterium closely followed growth.
Maximum concentrations of ammonia in the medium which supported the growth of the flavobacterium accounted for about 4 5 % of the total original nitro-N, a considerably larger proportion than the 25 yo or so recoverable as this metabolite during degradation of p-nitrobenzoic acid by N . erythropolis (Cartwright & Cain, 1959a) . Small amounts of nitrite were also found in cultures of N . opaca (up to 0.8 pg. nitrite-Nlml.) but the formation of this metabolite by the flavobacterium was negligible (less than 0-05 pg. nitrite-Njml.). Only traces of nitrite were formed in cultures of either organism when anthranilate was the organic source, although ammonia yields in these instances paralleled those found in o-nitrobenzoate media.
Anthrunilate Extracts, prepared in 0.01 M-phosphate buffer (pH 7.0) by ultrasonic disintegration or by the Hughes press, did not oxidize anthranilic acid even after supplementation with substrate quantities of NADH, NADPH OF catalytic amounts of NAD or NADP and the requisite reducing systems (alcohol dehydrogenase + ethanol and isocitric dehydrogenase + isocitrate, respectively). The anthranilic oxidizing system in Nocardia opaca thus appears much more labile than that of the pseudornonas examined by Higashi & Sakamoto (1960), Hosokawa, Nakagawa & Takeda (1961) and Taniuchi et al. (1964) in which a NADH-mediated anthranilic hydroxylase system was detected. 
Salicyclic and gentisic acids, the most likely intermediates (Ke et ul., 1959; Ladd, 1962) , were oxidized at low rates or not at all. 2-Nitro-3-hydroxybenzoic acid, anthranilamide, 3&dihydroxyanthranilic acid (after correction for non-enzymic oxidation), kynurenine, kynurenic and 2,3-dihydroxybenzoic acids also did not stimulate oxygen uptake above the endogenous value.
3-Hydroxyanthranilate was also oxidized without lag by Nocurdiu opaca grown on o-nitrobenzoate or anthranilate. Oxidation ceased at 1-5 and 2 moles 0, consumed/mole substrate oxidized, respectively; these were well below the figures required for complete oxidation even allowing for 10-30 yo assimilation as found with o-nitrobenzoate itself. The corresponding 5-isomer was also oxidized but this oxidation, though not that of anthranilate or catechol, was almost entirely abolished by previous incubation with chloramphenicol (30 ,ug./ml. final concentration). The evidence suggests, therefore, that catechol is an intermediate common to the pathways for o-nitrobenzoic and anthranilic acids. Catechol oxidation was also observed with dried preparations of organisms harvested in the log phase from anthranilate but not from succinate media.
Catechol-I, 2-oxygenase activity in extracts of Nocardia opaca. Cain & Cartwright (1960a) found that growth of Nocardia opacu on o-nitrobenzoic acid induced catechol-1,2-oxygenase activity, and they described some of the properties of the enzyme in this organism. Growth of this organism upon anthranilic acid also induced catechol-1,Z-oxygenase ; the enzyme was completely absent, however, from extracts of organisms grown in nutrient broth or fumarate medium (as measured manometrically or by the more sensitive spectrophotometric method).
Extracts of anthranilate-grown Nocardia opaca prepared by the Hughes press or by ultrasonic disintegration resembled those derived from o-nitrobenzoate cultures in being unable to metabolize catechol to P-oxoadipate, although dried organism preparations effected this change. The extracts converted catechol quantitatively to cis&-muconic acid which was not further metabolized, although the enzymes for converting ( + )-muconolactone or its synthetic ( f ) isomer and P-oxoadipic enol lactone to P-oxoadipate were present. The amounts of the enzymes present in extracts of dried organisms grown on anthranilate and fumarate, respectively (Table 2), showed clearly that the complete enzyme sequence for converting catechol to ,8-oxoadipate was induced by growth on anthranilate. The same extracts also had activity towards some related metabolites such as protocatechuate (0.36 pmole degradedlhrlmg. enzyme protein) and /3-carboxymuconate (10.0 pmoles/hr/mg. protein) ; but @-carboxymuconolactone was not attacked. The inability of crude extracts to lactonize cis,&-muconate enabled some properties of the catechol-l,2-oxygenase to be studied conveniently. Extracts which converted catechol to cis,-cis-muconate were fractionated with ammonium sulphate, all the activity being precipitated in the 33-45 yo saturation range. This fraction, after dialysis against water for 12 hr, was used as enzyme source; it was very active only for catechol. 3,4-Dihydroxybenzoate (protocatechuate) was slowly attacked by the same preparation but the corresponding 2,3-, 2,5-and 3,5-isomers were not utilized nor did they act as inhibitors of catechol oxidation.
The product of catechol oxidation by extracts was identified as follows. Catechol was added in 1 m-mole quantities to 150 ml. Anthranilic acid utilization 231 done by a magnetic stirrer sufficiently rapid to form a vortex in the liquid to the base of the 500 ml. reaction vessel. The reaction was followed manometrically in a pilot vessel, further catechol, to a total of 5 m-moles, being added to the main reaction flask when the oxygen uptake in the pilot vessel had ceased. The solution was maintained at pH 7.0 by adding 0.1 N-NaOH. At the completion of the reaction the contents were deproteinized with 10 yo metaphosphoric acid and the acidified solution ether extracted five times with 0.25~01. of ether. After drying over anhydrous Na,SO,, the combined ether fractions were evaporated to dryness and The effects of some inhibitors on the enzyme are shown in Table 3 ; from this it is clear that only metal-chelating agents and sulphydryl reagents brought about significant inhibition. The inhibition by EDTA, 2,2'-dipyridyl and 1,lO-phenanthroline was almost completely annulled by Fe2+, and that due to mercury compounds by L-cysteine or reduced glutathione. The inhibitory effect of 0.01 mM-HgC1, was not so severe when added after enzyme and substrate had already reacted (53% inhibition) as when pre-incubated with enzyme for 10 min. a t 30' (90 yo inhibition).
Both these inhibitions were annulled by 1 mM-L-cysteine, but not by 0.1 mM-Fe2+ to any degree. This suggests that sulphydryl groups are probably involved a t the active site of the enzyme, a conclusion which Suda & Tokuyama (1958) reached about a purified pyrocatechase (catechol-1,2-oxygenase) from a pseudomonad.
Added divalent metal ions (0.1 mM) were uniformly without effect except for The Michaelis constant determined for the ammonium sulphate fractionated extract from organisms grown on anthranilate gave a K , = 8 ,UM from a double reciprocal plot. This compares favourably with the K , = 11 p~ found for the same enzyme in this Nocardia opaca when induced by growth on o-nitrobenzoate, but is higher than that of a pseudomonas pyrocatechase (0.5 FM) induced by growth on tryptophan (Hayaishi et al. 1957 Utilization of nitro-and amino-phenyl compounds as sources of microbial carbon and nitrogen are well known, actinomycetes and pseudomonads being particularly efficient in this respect (Simpson & Evans, 1953; Durham, 1956; Gundersen & Jensen, 1956; Cain, 1958; Cartwright & Cain, 1959a; Ladd, 1962; Taniuchi et al. 1964) . Although in some cases reduction of the nitro group precedes assimilation (Durham, 1958) in others the nitro group is released as nitrite ion (Gundersen & Jensen, 1956 ; Cain & Cartwright, 1960 b) . Corresponding nitro-and amino-phenyl derivatives may be degraded in the early stages by quite independent metabolic routes, though in most cases these pathways converge a t common hydroxylated intermediates. It might be expected, therefore, that the molar growth yields from carbocyclic aromatic compounds and their nitro-and amino-derivatives would be comparable so long as the nitrogen content of the derivatives was not limiting growth. In mononitro-and monoamino-substituted aromatic compounds, the nitrogen content is probably always limiting since it comprises less than 10 yo of the total molecular weight. The increased yield coefficients of Nocardia opmu upon addition of a source of ammonium-N (the form in which nitrobenzoate-and aminobenzoate-N ultimately appears in cultures of this organism) reported here, substantiate this suggestion. Even with supplementary nitrogen, however, the molar growth yields of N . opaca upon anthranilate were always equal to, or slightly greater than, those given upon o-nitrobenzoate; this suggests that the organism can obtain no energy from a reduction of the nitro group in this substrate, which it is known to effect (Cartwright & Cain, 1959b) . Cain (1966) produced evidence that anthranilic acid is not a direct intermediate in the metabolism of o-nitrobenzoate by Nocardia opaca, although it appears transiently in the culture medium. These conclusions are reinforced by several observations reported here : (i) the mutual inhibitory effects of o-nitrobenzoic and anthranilic acids in growth and in oxidation, confirmed in the latter case by the isotopic experiments; (ii) the lag of some 28 hr before an inoculum of o-nitrobenzoate-grown organisms began to produce measurable growth in anthranilate media; (iii) the long adaptation time for o-nitrobenzoate-grown washed organisms t o begin to oxidize anthranilic acid and the low degree of activity even after induction; (iv) N. opuca grown upon o-nitrobenzoate accumulated anthranilate only very slowly.
Numerous differences in the properties of the catechol-1,Z-oxygenases induced in Nocardia opaca by growth on anthranilate and o-nitrobenzoate were also observed although it should be emphasized that only partially purified enzyme preparations were used. In particular, the nitrobenzoate-induced enzyme was active only when prepared and reacted in the presence of L-cysteine (Cain & Cartwright, 1960a) , whereas the anthranilate-induced enzyme was quite stable in the absence of sulphydryl compounds ; the former was rapidly inactivated by dialysis against water or 2,2'-dipyridyl, whereas the latter was unaffected by dialysis for 48 hr against these materials. The effects of chelating agents on the two enzymes were also different. There is little doubt from the accumulated evidence that the energy-yielding pathway of o-nitrobenzoate metabolism does not involve anthranilic acid and that the pathways for these two substrates are distinct.
